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ABSTRACT 
 
This paper investigates the impact of age distribution and educational attainment on the level of 
underemployment in Appalachian regions of the United States.  Furthermore, this study shows the 
similarities and differences at the state and county levels for Pennsylvania.  Following the 
methodology of Price and Wail (2005) linear regression models are used to estimate the marginal 
impacts of general economic conditions measured by the unemployment rate, as well as age and 
educational attainment, on the level of underemployment in the state.  In rural Appalachia, 
younger workers and those with some post-baccalaureate education are more likely to find 
themselves underemployed.  Keywords: rural economics, Appalachian studies, unemployment, 
underemployment, measurement issues. 
 
 
INTRODUCTION 
 
ural unemployment rates persistently have run higher than the national average for many years.  In 
addition, multiple studies have established that rural underemployment also remains a long-running 
problem.  Examples of earlier research documenting the rural underemployment and unemployment 
problem include work by Ham (1982) and Lichter and Costanzo (1987).  Since 1990, a growing literature has 
examined rural labor market outcomes.  Studies by Isserman and Rephamm (1993), Hamrick (1997), and Jensen, 
Findis, and Wang (1999), among others, have identified several contributing factors to higher rural unemployment 
and underemployment.  These factors include the declining importance of manufacturing and natural resource 
sectors, lagging educational attainment in rural areas, lower levels of public services support than in urban areas, and 
geographic isolation.  
 
State government programs to reduce rural unemployment and underemployment reflect the above 
determinates of poor labor market outcomes.  State economic development programs aimed at attracting or retaining 
employers in the state’s rural counties are addressing the job demand side of rural labor markets.  State support for 
education and skill training in rural areas is intended to increase the supply of higher skilled workers in these 
regions, thereby improving the quality of the labor supply in rural markets and hopefully stimulating greater demand 
for rural labor services.  Lastly, there is a collection of government programs such as child care assistance, disability 
assistance, and transportation services that can be thought of as helping to eliminate barriers preventing potential 
workers from joining the labor force in rural areas. 
 
Unfortunately, it is not yet fully understood how the various factors contributing to rural unemployment 
and underemployment interact to adversely affect rural labor markets.  This lack of understanding regarding the 
most important determinates of rural unemployment and underemployment, and their interactive effects, 
complicates the targeting of scarce public tax dollars on programs most likely to improve rural labor markets.   
 
This study modifies the Price and Wial (2005) estimates to focus solely upon the underemployment rates.   
A model is developed similar to that of Bollinger, Coomes, and Berger (2003) which is used to explain variations 
across Pennsylvania counties in their estimated underemployment rates by variations in county-level age 
distributions, educational attainment, and urban/rural status.        
 
R 
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METHODOLOGY AND DATA 
 
A linear regression model is used to estimate each Pennsylvania county’s number of underemployed 
workers and analyze recent trends.  This is calculated using the estimated impact of each of the variables on 
underemployment from the regression model and the data on the percentage of adult population in the county 
belonging to each socio-demographic category along with county labor market outcome data.  This model allows 
one to estimate changes in county underemployment rates associated with changes in the reported unemployment 
rates thereby providing a reasonably straightforward way to more comprehensively track changes in county labor 
market conditions. 
 
Price and Wail (2005) construct substate-level estimates of underemployment for urban and rural areas in 
each of the thirteen Appalachian states.  Their underemployment estimates were computed directly from the Current 
Population Survey extracts.  Price and Wail define underemployment as the official unemployment rate from the 
Bureau of Labor Statistics plus involuntary part-time workers, discouraged workers, and other marginally attached 
workers, all based on Bureau of Labor Statistics classifications. Rather than provide county-level estimates, Price 
and Wail divide each Appalachian state into four groups: rural Appalachian, metropolitan (or urban) Appalachian, 
rural non-Appalachian, and metropolitan (or urban) Appalachian.  In order to separate the observed unemployment 
rate from the other underemployment measures, this study aggregates the county-level unemployment data into 
Price and Wail’s substate groupings.  Then the unemployment rate is subtracted from Price and Wail’s 
underemployment rate measure yielding the net underemployment measure used here (involuntary part-time 
workers, discouraged workers, and other marginally attached workers).  Table 1 summarizes the unemployment rate 
and underemployment and compares the Pennsylvania outcomes against those of other Appalachian states, the most 
relevant comparison group for rural Pennsylvania.   
 
 
Table 1:  Summary Statistics on Underemployment, Unemployment, and Demographic Variables:  All Appalachian 
States and Pennsylvania, 1996-2004 
Top row: Entire cohort averages (standard deviations in parenthesis). Bottom row: Pennsylvania Averages 
 Appalachian Non-Appalachian 
Variable Rural Urban Rural Urban 
Underemployment rate .034 (.018) 
.035 
.028 (.021) 
.039 
.042 (.014) 
.053 
.035 (.010) 
.037 
Unemployment rate .062 (.012) 
.062 
.048 (.011) 
.053 
.059 (.012) 
.042** 
.044 (.010) 
.046 
Share of population 15-19 .090 (.009) 
.088 
.088  (.009) 
.082 
.092 (.009) 
.086 
.091 (.007) 
.086 
Share of population 20-34 .247 (.016) 
.228** 
.260 (.025) 
.228** 
.249 (.017) 
.238 
.281 (.021) 
.247** 
Share of population 35-54 .355 (.011) 
.358 
.365 (.021) 
.360 
.359  (.012) 
.365 
.377 (.011) 
.374 
Share of population 55+ .313 (.020) 
.327 
.292 (.030) 
.330* 
.305 (.023) 
.310 
.256 (.023) 
.293* 
Fraction of population not 
completing high school 
.289 (.057) 
.204** 
.213 (.030) 
.161** 
.270 (.044) 
.213** 
.195 (.021) 
.191 
Fraction of population 
with high school 
diploma only 
.363 (.047) 
.458* 
.335 (.048) 
.387* 
.360 (.046) 
.436* 
.286 (.027) 
.334* 
Fraction of population 
with some college 
.233 (.031) 
.211 
.274 (.024) 
.252 
.240 (.021) 
.207** 
.282 (.021) 
.234** 
Fraction of population 
with college degree 
.073 (.012) 
.082 
.114 (.024) 
.129 
.084 (.009) 
.089 
.152 (.021) 
.153 
Fraction of population 
with some 
postgraduate education 
.042 (.008) 
.045 
.065 (.015) 
.070 
.046 (.008) 
.056* 
.084 (.020) 
.087 
*denotes the value for Pennsylvania is more than one standard-deviation above the cohort average 
**denotes the value for Pennsylvania is more than one standard-deviation below the cohort average 
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Based on the Price and Wail geographic classifications, how does rural Pennsylvania compare with other 
rural areas within the Appalachian states?  Rural unemployment and underemployment are essentially the same for 
rural Appalachian Pennsylvania as they are for the rest of rural Appalachia.  The unemployment rate averages 6.2 
percent for both the entire cohort rural Appalachia as well as for rural Pennsylvania, while the underemployment 
rate is 3.4 percent and 3.5 percent respectively. When comparing the non-Appalachian rural counties, Pennsylvania 
has a higher underemployment rate (5.3 percent vs. 4.2 percent) but a lower unemployment rate (4.2 percent vs. 5.9 
percent) compared to the entire non-Appalachian rural cohort.  
 
Table 1 also summarizes several key demographic variables: age and educational attainment.  Age 
distribution of the population is measured as the fraction ages 15-19, 20-34, 35-54, 55 and higher.  It is clear that 
rural Pennsylvania lags the rest of rural Appalachia in the share of its populace in the 20-34 age cohort while 
exceeding the rest of rural Appalachia in the 55 and higher cohort.   
 
Educational attainment of the population is measured as the fraction with less than a high school diploma, 
high school graduates, some college, college degree, and postgraduate education.  Rural Pennsylvania has a notably 
lower fraction of populace without a high school diploma than the rural Appalachian average.  Rural Pennsylvania 
also has a slightly higher fraction of the population with a college degree.   
 
REGRESSION ANALYSIS 
 
To what extent are the differences in underemployment across the regions defined by Price and Wail due to 
variations in the age and educational attainment of the populations?  The importance of these two forces for 
explaining variations in the underemployment rate is estimated through the use of a statistical regression analysis 
over the years 1996 to 2004 (the range of data available from Price and Wail). The regression analysis assesses the 
role of differences across the four substate regions within each Appalachian state in their share of adult population in 
different educational attainment and age categories in explaining differences across their underemployment rates.  
The unemployment rate is also included to account for fluctuations in labor demand.  It would be expected that 
higher unemployment rates would be associated with higher rates of underemployment due to weaker labor demand.  
A summary of the regression analysis is found in Table 2.  A separate ordinary least squares linear regression was 
estimated for each region. 
 
The estimates measure the marginal effect of a one percentage point change in the education and age 
variables upon the underemployment rate. Parameter estimates are noted for their statistical significance in the table 
by the appropriate asterisk, denoting the variable’s explanatory impact on the underemployment rate.  For example, 
a one percentage point rise in the share of population ages 15 to 19 in a rural Appalachian region is associated with a 
1.327 percentage point rise in the region’s underemployment rate (say from 3.0 percent to 4.327 percent). 
 
The unemployment rate has no explanatory power in the areas designated Appalachian, whereas it is 
positive and statistically significant for both rural and urban areas of non-Appalachian regions.  An increase of 1.0 
percentage point in the unemployment rate raises the underemployment rate by 0.192 percentage point in rural areas 
and 0.322 percentage point in urban non-Appalachian areas.   
 
More prominently, explanatory power is found in the educational attainment variables.  Relative to the 
reference group (those in the work force with just a high school diploma) the higher the fraction of the rural 
workforce that have less than a high school diploma the lower the underemployment rate, but the effect is small:  a 
1.0 percentage point rise in the fraction of population not completing high school is associated with a decline of only 
0.06 percentage points in the underemployment rate for rural Appalachian regions.  (There is no measurably 
significant impact of this variable on urban workers’ underemployment rates.)  Perhaps because they may have 
fewer employable skills these workers are less likely to consider themselves as underemployed.  Also, to the extent 
that the cost of living is lower in rural areas (Kurre 2000), they have the ability to generate sufficient incomes to not 
regard themselves as underemployed.   
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Table 2:  Estimated Effects of Unemployment Rate and Demographic Variables on Underemployment, 1996-2004 
 Appalachian Non-Appalachian 
 Rural Urban Rural Urban 
Unemployment rate -.033 
(-.254) 
.007 
(-.035) 
.192* 
(1.352) 
.322*** 
(2.455) 
Share of population 15-
191 
1.327*** 
(4.654) 
-.001 
(-.001) 
.153 
(.854) 
.314* 
(1.329) 
Share of population 20-
341 
.667*** 
(4.985) 
.209* 
(1.452) 
.343** 
(2.336) 
.110 
(1.214) 
Share of population 
55+1 
.826*** 
(5.859) 
.321* 
(2.753) 
.051 
(.587) 
.093 
(.940) 
Fraction of population 
not completing high 
school2 
-.060* 
(-1.481) 
-.034 
(-.344) 
-.077** 
(-2.111) 
-.031 
(-.351) 
Fraction of population 
with some college2 
-.500*** 
(-5.462) 
-.275** 
(-1.758) 
-.080 
(-1.089) 
.046 
(.579) 
Fraction of population 
with college degree2 
-.094 
(-.445) 
.360*** 
(2.853) 
.161 
(.968) 
-.087 
(-.771) 
Fraction of population 
with some 
postgraduate 
education2 
1.411*** 
(4.744) 
.440** 
(1.708) 
.344** 
(1.709) 
.129* 
(1.492) 
Constant -.425*** 
(-5.274) 
-.108* 
(-1.506) 
-.073* 
(-1.390) 
-.067 
(-1.082) 
R-square 
F 
n 
0.427 
8.395*** 
99 
.344 
6.492*** 
108 
.248 
3.742*** 
100 
.192 
2.946*** 
108 
t-statistics in parentheses 
1Omitted group is ages 35-54. 
2Omitted group is highest level of educational attainment being a high school diploma 
*Estimate is statistically significant at the 10 percent level, **5 percent level, *** 1 percent level. 
 
 
The higher the fraction of workers with some college is also associated with lower underemployment rates 
for those in Appalachian areas, both rural and urban (no measurably significant impact in non-Appalachian areas).  
There is some indication of an underemployment problem in rural Appalachia for highly educated individuals as 
seen in the estimated impact upon underemployment from a rise in the fraction of population with some 
postgraduate education. For rural Appalachia, a one percentage point rise in the fraction of populace with some 
postgraduate education is associated with a 1.411 percentage point rise in the underemployment rate. 
 
ESTIMATES OF UNDEREMPLOYMENT RATES AT THE COUNTY LEVEL 
 
Using the estimated impact of the unemployment rate, education, and age variables upon underemployment 
rates from the regression analysis reported in Table 2, county-specific underemployment rate estimates are 
computed for Pennsylvania for 1996 to 2004 and are listed in Table 3.  The reported underemployment percentages 
are expressed as a fraction of the county’s labor force.  
 
When interpreting the results found in Table 3, it is important to remember that these estimates are based on 
the general relationship between the underemployment rate and the explanatory variables (unemployment, 
education, and age).  It is possible for any one county to deviate from this general relationship.  For example, it is 
doubtful that Montour County has the highest underemployment rate of any county in the state.  This result likely is 
due to a relatively high concentration of adults with postgraduate education in the county due to Geisinger Medical 
Center.  It is unlikely these health care professionals are underemployed.   
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Table 3:  Estimates of Underemployment by Pennsylvania County 1996-2004 
 1996 1997 1998 1999 2000 2001 2002 2003 2004 
Adams 5.4% 5.2% 4.9% 4.7% 4.5% 4.6% 4.8% 4.9% 4.9% 
Allegheny 7.7% 7.6% 7.5% 7.4% 7.3% 7.2% 7.3% 7.3% 7.4% 
Armstrong 2.6% 2.5% 2.4% 2.3% 2.3% 2.2% 2.5% 2.6% 2.7% 
Beaver 2.7% 2.6% 2.5% 2.5% 2.4% 2.4% 2.5% 2.6% 2.7% 
Bedford 4.4% 4.3% 4.3% 4.2% 4.0% 3.6% 3.8% 3.9% 4.1% 
Berks 3.1% 3.0% 3.0% 2.9% 2.8% 3.0% 3.5% 3.5% 3.4% 
Blair 3.1% 3.0% 3.0% 2.9% 2.9% 3.0% 3.2% 3.4% 3.5% 
Bradford 5.8% 5.8% 5.9% 5.9% 5.8% 5.5% 5.6% 5.9% 6.3% 
Bucks 3.0% 2.9% 2.7% 2.6% 2.5% 2.7% 3.0% 3.0% 3.0% 
Butler 4.1% 4.0% 4.0% 3.9% 3.8% 3.8% 4.0% 4.1% 4.2% 
Cambria 3.7% 3.6% 3.5% 3.5% 3.4% 3.4% 3.5% 3.6% 3.7% 
Cameron 6.7% 6.6% 6.8% 6.5% 6.5% 6.0% 6.4% 6.8% 6.9% 
Carbon 2.8% 2.7% 2.6% 2.5% 2.3% 2.3% 2.4% 2.4% 2.5% 
Centre 4.8% 4.7% 4.8% 4.8% 4.9% 5.1% 5.2% 5.4% 5.7% 
Chester 2.6% 2.5% 2.3% 2.3% 2.4% 2.5% 2.8% 2.8% 2.8% 
Clarion 7.7% 7.6% 7.6% 7.5% 7.3% 7.0% 6.9% 7.3% 6.8% 
Clearfield 5.1% 4.8% 4.8% 4.6% 4.3% 3.8% 4.0% 4.1% 4.3% 
Clinton 5.5% 5.4% 5.4% 5.7% 5.6% 5.5% 5.7% 6.1% 6.0% 
Columbia 6.1% 5.9% 5.9% 5.6% 5.4% 5.3% 5.7% 6.0% 6.2% 
Crawford 5.7% 5.6% 5.6% 5.5% 5.4% 5.2% 5.2% 5.5% 5.9% 
Cumberland 3.0% 2.9% 2.8% 2.9% 2.9% 3.1% 3.3% 3.3% 3.3% 
Dauphin 2.6% 2.6% 2.4% 2.6% 2.5% 2.7% 2.9% 3.0% 3.0% 
Delaware 3.9% 3.7% 3.5% 3.4% 3.4% 3.5% 3.8% 3.9% 3.9% 
Elk 3.5% 3.3% 3.4% 3.2% 2.9% 2.4% 2.5% 2.5% 2.5% 
Erie 3.9% 3.7% 3.7% 3.6% 3.6% 3.6% 3.8% 3.9% 4.1% 
Fayette 3.6% 3.5% 3.5% 3.4% 3.3% 3.4% 3.5% 3.6% 3.6% 
Forest 9.7% 10.2% 10.8% 11.1% 11.2% 11.9% 11.9% 12.3% 9.7% 
Franklin 4.9% 4.7% 4.4% 4.4% 4.1% 4.2% 4.3% 4.2% 4.2% 
Fulton 4.8% 4.6% 4.8% 4.8% 4.6% 4.4% 4.8% 5.0% 5.4% 
Greene 4.8% 4.4% 4.3% 3.9% 3.4% 3.2% 3.3% 3.7% 4.1% 
Huntingdon 4.9% 4.8% 4.9% 4.8% 4.7% 4.5% 5.0% 5.3% 5.5% 
Indiana 7.4% 7.3% 7.3% 7.1% 7.0% 6.9% 6.9% 7.0% 7.2% 
Jefferson 5.6% 5.5% 5.5% 5.3% 5.1% 4.7% 4.7% 4.7% 4.7% 
Juniata 4.1% 4.1% 4.1% 4.2% 3.9% 3.7% 3.8% 4.3% 4.9% 
Lackawanna 5.4% 5.2% 5.2% 5.1% 5.0% 5.0% 5.1% 5.1% 5.1% 
Lancaster 2.6% 2.5% 2.4% 2.4% 2.4% 2.5% 2.6% 2.7% 2.7% 
Lawrence 5.5% 5.3% 5.3% 5.0% 4.9% 4.6% 4.8% 4.9% 5.1% 
Lebanon 2.8% 2.6% 2.6% 2.5% 2.5% 2.5% 2.7% 2.8% 2.7% 
Lehigh 3.3% 3.1% 3.0% 2.9% 2.7% 3.0% 3.4% 3.4% 3.4% 
Luzerne 4.0% 3.9% 3.8% 3.7% 3.6% 3.6% 3.7% 3.7% 3.7% 
Lycoming 1.8% 1.7% 1.7% 1.7% 1.6% 1.7% 1.9% 2.0% 2.1% 
McKean 5.3% 5.1% 5.1% 4.8% 4.6% 4.5% 4.4% 4.6% 4.6% 
Mercer 4.2% 4.1% 4.1% 4.0% 4.0% 4.0% 4.1% 4.2% 4.3% 
Mifflin 6.8% 6.7% 6.9% 6.9% 6.9% 6.4% 6.8% 7.2% 7.4% 
Monroe 1.4% 1.1% 1.0% 0.7% 0.4% 0.4% 1.0% 1.5% 1.8% 
Montgomery 3.0% 2.9% 2.7% 2.6% 2.6% 2.8% 3.2% 3.2% 3.1% 
Montour 13.2% 13.0% 13.0% 12.9% 12.7% 12.5% 12.7% 12.6% 13.1% 
Northampton 3.7% 3.5% 3.3% 3.1% 3.0% 3.1% 3.5% 3.6% 3.6% 
Northumberland 5.8% 5.6% 5.6% 5.4% 5.2% 4.8% 5.0% 5.0% 5.1% 
Perry 1.0% 0.9% 0.9% 0.9% 0.9% 0.9% 1.2% 1.4% 1.6% 
Philadelphia/city 4.4% 4.3% 4.2% 4.1% 3.9% 4.0% 4.4% 4.5% 4.5% 
Pike 3.3% 3.2% 3.0% 2.9% 2.8% 2.6% 2.7% 2.8% 2.8% 
Potter 4.7% 4.7% 4.8% 4.8% 4.5% 4.2% 4.1% 4.6% 4.9% 
Schuylkill 5.0% 4.6% 4.5% 4.2% 3.9% 3.5% 3.6% 3.7% 3.8% 
Snyder 5.5% 5.2% 5.4% 5.5% 5.4% 5.5% 5.7% 5.9% 6.3% 
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Table 3:  Estimates of Underemployment by Pennsylvania County 1996-2004 (continued) 
Somerset 5.1% 4.8% 4.8% 4.6% 4.4% 4.1% 4.2% 4.3% 4.5% 
Sullivan 11.1% 11.0% 10.9% 10.9% 10.7% 10.5% 11.8% 11.7% 12.2% 
Susquehanna 3.4% 3.4% 3.6% 3.5% 3.4% 3.1% 3.4% 3.7% 4.0% 
Tioga 5.4% 5.4% 5.8% 5.8% 5.7% 5.3% 5.5% 5.7% 5.8% 
Union 6.8% 6.9% 7.4% 7.4% 7.4% 7.2% 7.3% 8.0% 8.1% 
Venango 4.9% 4.8% 4.9% 4.8% 4.6% 4.4% 4.7% 5.0% 5.1% 
Warren 2.8% 2.7% 2.8% 2.7% 2.5% 2.5% 2.7% 2.9% 3.2% 
Washington 4.7% 4.5% 4.5% 4.4% 4.4% 4.3% 4.5% 4.6% 4.7% 
Wayne 4.5% 4.2% 4.3% 4.0% 3.8% 3.9% 4.2% 4.3% 4.6% 
Westmoreland 4.7% 4.6% 4.6% 4.5% 4.5% 4.4% 4.6% 4.7% 4.8% 
Wyoming 1.7% 1.7% 1.7% 1.7% 1.7% 1.7% 2.1% 2.4% 2.6% 
York 2.7% 2.5% 2.4% 2.3% 2.2% 2.5% 2.7% 2.7% 2.7% 
 
 
CONCLUSION 
 
This paper estimates the impact of age distribution and educational attainment and their effects on 
underemployment in Appalachian regions of the United States.  County-specific underemployment rates for each 
Pennsylvania county were computed based upon statistical regression-based estimates of the linkages between 
underemployment rates and both the educational and age distribution profiles of a county.  The results indicate that 
underemployment rises as the share of the workforce that is less than 20 years of age rises and as the share that is 
over 55 years of age rises.  Rural underemployment rates also rise as the share of populace with some schooling 
beyond bachelors degree rises.  For 2004, rural county underemployment rates varied from 2.7 percent to more than 
10.0 percent with the counties most likely to be suffering from substantial underemployment including Sullivan, 
Forest, Union, Mifflin, Indiana, Cameron, Clarion, Bradford, Snyder, Columbia, and Clinton with estimated 
underemployment rates in excess of 6.0 percent.  While this paper’s empirical emphasis is on Pennsylvania, the 
techniques and data developed is of interest to researchers investigating the rural underemployment problem 
elsewhere in Appalachia and the rest of the country. 
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